Injection and capture in strong focusing proton synchrotrons often involves multiturn stacking in horizontal betatron phase space followed by some approximation of adiabatic capture. The energy spread in the coasting beam is usually relatively small so that the bunches are tight. Local space charge densities may be sufficiently high temporarily to limit intensity. An increase in the energy spread before capture, obtained by a dynamic variation of the energy in the beam to be injected as is done in some weak focusing installations rather than by an increase of its energy spread, should help to alleviate this limitation.
Introduction
The intensity achievable early in the accelerating cycle of a proton synchrotron may be limited by any of a number of factors. Among them are the characteristics of the beam to be injected, the methods of injection and capture and the characteristics of the accelerator in terms of closed orbit position and shape and the widths and locations of various betatron stopbands. Many of these parameters are adjustable and methods for adjusting them for maximum intensity have been developed. If one calculates the magnitude and shape of the self-field of such maximized beams, using observed azimuthal and cross sectional dimensions and distributions and taking account of the boundaries formed by vacuum chamber wall and magnet pole faces, one may find that they are large enough to affect the transverse focusing system significantly, reducing its linear focusing gradients and introducing higher order terms, all as functions of the azimuthal position in the bunch. The effect is strongest near the center of the bunch where the charge density is highest and more pronounced in the direction of the smallest dimension of the vacuum chamber and/or beam Application of Cole and Morton's tables3 returns phase spreads in the bucket of 1.50 rr, resp. 1.65 rr rad. and peak energy errors in the buckets of 2, resp. 3.1 MeV, corresponding with energy spreads of ± 1.03, resp. ± 1.73 MeV in the coasting beam. These numbers imply a harmonic number h = 12. If we take the inflector as the limiting aperture stop the maximum betatron amplitude for particles of synchronous energy is 5 cm at that point. The inflector is located in a region where B = BAV, radially as well as axially, so we take these 5 cm as the average half width of the beam. Disregarding the nonlinearity in the synchrotron motion and the dispersion we approximate the actual bunches with bunches that are elliptical in the equilibrium plane with half-axes of 25 x 0.05 m2 resp. 27 x 0.05 m2 
Final Remarks
We have shown that the energy spread in the coasting beam is an important parameter for high intensity operation of a proton synchrotron and indicated means for maximizing the intensity. The potential benefits of this approach (less loss and higher intensity) seem to warrant further investigation. Theoretical work, computer simulation and direct experimentation are all possible and desirable. Direct experimentation may involve tracing the development of a single batch as described above. This can be done by injecting a short pulse (one or a few revolutions) at fixed energy followed by capturing while observing beam position, current and profile as functions of time. One expects to see the characteristic 1/cos-like azimuthal distribution after capture and my measure bunch length as function of injection energy (at fixed frequency of the starting oscillator). The result should be sensitive to the incoherent energy spread in the injected beam and to details in the capturing process, in particular to its departure from adiabaticity. The coherent betatron amplitude of the beam sample can be varied independently by changing the timing of this sequence with respect of the magnet cycle and the results may be observed on the profile monitor. It should show a l/coslike distribution also, modified by the dispersion at the location of the profile monitor and the magnitude and distribution of the incoherent betatron amplitudes in terms of the coherent one.
